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We, Pullman Incorporated, of 200 
South Michigan, Chicago 3, Illinois, United 
States of America, organised and existing 
under the laws of the State of Delaware, 
United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the mehod by 
which it is to be performed, to be particu- 
larly described in and by the following state* 
ment : — 

The present invention relates to an im- 
proved hopper of the kind used for the bulk 
storage or transport of material in particu- 

Ilate form, such as granular or pulverised 
materials, or n find for such as lauds and 
solutions. Such hoppers are usually of in- 
verted conical configuration, to facilitate emp- 
tying, and fluidjsuch as air, under pressure 
may be directed into an end of a discharge 
tube located in the bottom end portion of 
the hopper to promote outflow of the material. 

Especially in the case of particulate materi- 
als there is a danger of the particles or grains 
adhering together in the repon of the bot- 
tom end of the hopper causing clogging and 
hindering efficient emptying. Various pro- 
posals have been made for overcoming this 
difficulty but none has proved fully satisfac- 
tory, and it is the principal object of the pre- 
sent invention to provide a hopper equipped 
with simple, reliable and economical means 
for ensuring rapid and efficient emptying and 
for countering the tendency of the material 
to clog, adhere or jam in the downwardly- 
tapering bottom end portion of the hopper. 

According to the invention there is pro- 
vided a hopper for material in particulate or 
fluid form and having a downwardly taper- 
ing bottom end portion, there being located 
in said bottom end portion material discharge 
means including one end of a discbarge tube 
having a venturi restriction and said discharge 
means being located in said hopper bottom 
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end portion in a position to promote circu- 
latory movement of said material in said bot- 
tom end portion prior to discharge, there being 
further provided in said end portion a vortex 
chamber above said discharge means, said 
vortex chamber being surrounded by an annu- 
lar chamber communicable substantially tan- 
gentially thereof with a source of pressurised 
fluid so that said fluid will flow m a given 
direction around said annular chamber, said 
annular chamber being of diminishing cross- 
section in the direction of fluid flow and said 
annular chamber being in communication with 
said vortex chamber via a plurality of pas- 
sageways disposed obliquely to the radial of 
said vortex chamber and extending generally 
in the direction of fluid flow around said 
annular chamber, the arrangement being such 
that pressurised fluid introduced into and 
flowing around said annular chamber will be 
directed through said passageways into said 
vortex chamber in a manner to create a whirl- 
pool of said material in said vortex chamber 
above said discharge means. 

At least some of said passageways may be 
inclined inwardly upwardly of the hopper 
from said annular chamber to said vortex 
chamber. Alternatively or in addition at 
least some of said passageways may be in- 
clined inwardly downwardly of the hopper 
from said annular chamber to said vortex 
chamber. 

There may be concentrically interposed be- 
tween said annular and vortex chambers a 
substantially circular annular member hav- 
ing a plurality of passageways each opening 
at the radially inner and radially outer peri- 
pheries of said member at its respective ends 
and each extending obliquely to the radial 
of said member. 

Said member may comprise a pair of simi- 
lar, substantially flat rings maintained in paral- 
lel, spaced relation by die interposition there- 
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between of a plurality of vanes each disposed 
obliquely to the radial of said rings and pro- 
viding said passageways therebetween. Said 
rings may be oppositely tapered the one from 

5 its radially outer to its radially inner edge 
and the other from its radially inner to its 
radially outer edge, the rings being arranged 
so that their opposed surfaces are substanti- 
ally parallel and oblique with respect to the 

10 axis of the member and the remote surfaces 
of said rings lying in parallel planes perpen- 
dicnar to the axis of the member. 

Two similar said members may be arranged 
in superimposed, mutually inverted relation 
15 between said annular and vortex chambers so 
that one of said members provides inwardly 
upwardly inclined passageways and the other 
provides inwardly downwardly inclined pas- 
sageways. 

20 Said discharge means preferably comprises 
a nozzle communicable with a source of pres- 
surised fluid located eccentrically in said bot- 
tom end portion in coaxial alignment with 
said discharge tube end portion, the latter 

25 being of diminishing internal cross-sectional 
area from the orifice thereof to form a ven- 
turi therein. Said nozzle preferably tapers 
toward the orifice thereof and extends into 
but is not contiguous with said discharge 

30 tube end portion whereby an annular, frusto- 
conical gap is provided between said nozzle 
and the interior of the discharge tube tor the 
inflow into said discharge tube of said 
niateriaL 

35 Preferred embodiments of the invention 
will now be described with reference to the 
accompanying diagrammatic drawings, in 
which: — 

Figure 1 is an elevational view, partly in 
40 section, of a tank for the bulk storage or 
transport of material in particulate or fluid 
form and embodying two hoppers in accord- 
ance with die invention, 

Figure 2 is a sectional view of a bottom 
45 end portion of one of the hoppers taken along 
line 2—2 of Figure 1, 

Figure 3 is an elevational view partly in 
section of the hopper bottom end portion 
illustrated in Figure 2, 
50 Figure 4 is a sectional view taken along 
line 4 — 4 of Figure 3, 

Figure 5 is a sectional view taken along 
line 5 — 5 of Figure 3, 

Figure 6 is a view taken along line 6 — 6 
55 of Figure 5, 

Figure 7 is a view in isolation of an annu- 
lar member illustrated in the assembled posi- 
tion in Figures 3, 5 and 6\ 

Figure 8 illustrates a modified farm of 
60 the annular member shown in Figure 7, 

Figure 9 is a sectional view taken along 
line 9—9 of Figure 8, and 

Figure 10 is a sectional view similar to 
Figure 9, through two annular members simi- 



lar to that illustrated in Figure 7 arranged 65 
in superimposed, mutually inverted relation. 

Referring first to Figure 1 of the drawings 
mere is shown a generally cylindrical storage 
or transport tank 2 for carrying in bulk par- ( 
ticulate material such as pulverulents or I 70 
granular solid-like material. The storage! 
tank 2 comprises a cylindrical housing 4 pro- 
vided with a plurality of spaced material in- 
lets 6 in the top portion thereof. In the in- 
terior of the housing 4 are a plurality of 75 
inverted conical hoppers 8, their upper end 
portions being separated from one another by 
a dividing wall 10 and each communicating 
with a respective inlet opening 6. Par- 
ticulate material 12 such as powder or grain 80 
is introduced into each hopper through its 
respective inlet 6. The bottom end portion 
14 of each inverted conical hopper 8 con- 
tinues to taper downwardly to terminate in 
an apex portion 16. It is seen that the 85 
apex portion 16 of each hopper bottom end 
portion 14 is in communication with conduit 
means 18 including a source of fluid under 
pressure in the form of an air compressor — . 
20. The air leaving the compressor 20 is 90 
directed through a pipe 22 of the conduit 
means 18 and then through a pipe 24 pro- 
vided with a control valve 25 into the upper 
portion of the housing 4 to provide a pressure 
head above the material 12 within each of 95 
the hoppers 8, the compressed air being 
allowed to pass into each of the hoppers by 
way of a small opening 27 (see arrows) pro- 
vided in the wall 10. Air pressure is also — 
directed from pipe 22 into pipe 26 which 100 
branches into a plurality of branch pipes 28 
that are directed to each of the apex por- 
tions 16 of the hoppers 8. Each branch pipe 
28 in turn divides into a branch pipe 30 and 
a branch pipe 32 which respectively introduce 105 
compressed air to lower and upper portions 
of me apex portion 16 of each hopper 8. Con- 
trol valves 34 and 36 respectively control the 
introduction of compressed air through these 
branch pipes 30 and 32 and permit that air 110 
pressure may be completely cut off from the 
associated apex portion 16 or only partial 
flow may be permitted or full flow of the 
compressed air may occur air pressure in 
each branch pipe 30 and 32 being controllable 115 
independently of that in the other. Extend- 
ing eccentrically into the bottom end portion 
16 of each hopper 8 is one end of a discharge 
tube 38, the tubes 38 joining at the other of 
their respective ends a main discharge con- 120 
dure 40 via which the material on being dis- 
charged from the hoppers may be directed 
to a material storage container (not shown), 
said conduit 40 having a control valve 40a 
which is adjustable between the off and full 125 
on positions. 

As seen particularly in Figures 2 — 6, the 
apex portion 16 of each hopper 8 comprises 
a downwardly tapering frusto-conical portion 
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42 that is attached to bottom end portion 
14 of the hopper as by welds 44 securing 
a horizontal flange 46 of portion 42 thereto. 
Flange 46 is releasably secured to a similar 

5 lower flange 48 by bolts 50 and attached by 
weldments 51 to the flange 48 is an annular 
chamber 52 which is U-shaped in cross-sec- 
tion (see Figure 6). Chamber 52 is in die 
form of a spiral housing with an Inlet 53 

10 extending generally tangentially and having a 
lower conically shaped reduced-diameter por- 
tion 54 formed integrally with a horizontal 
outwardly extending flange part 56 spaced 
from chamber 52. To flange 56 is releas- 

15 ably secured .by bolts 60 a flange 62 on a 
downwardly tapered bottom portion 58. The 
sloping wall 64 of part 58 is closed by a bot- 
tom wall 66. The U-shaped extension 68 
provided by the annular chamber 52 serves 

20 to locate and support an annular member 70 
shown in Figure 7. The member 70 com- 
prises a top annular wall 72 in die form of 
a substantially fiat ring and a bottom annu- 
lar wall 74 is provided by a similar ring, the 

25 two rings 72, 74 being maintained in parallel, 
vertically spaced relation by a plurality of 
uprig ht vanes 76. These vanes 76 define 
with the rings a plurality of air passages 79 
that communicate the annular chamber 52 

30 with the interior 78 of the hopper bottom end 
portion inside the member 70, this circular 
area 78 being hereinafter referred to as the 
vortex chamber of the hopper bottom end 
portion. 

35 As best seen in Figures 2, 5 and 6 the 
annular chamber 80 formed by the U-shaped 
annular member 52 and annular member 70 
joins with the inlet conduit 32 at 84 through 
the provision of a substantially tangentially 

40 extending socket 53. Thus chamber 80 has 
an enlarged area 85 at the position of air 
entry and then progressively decreases in 
cross-section in the direction of air flow (as 
indicated by the arrows in Figure 5) around 

45 the member 70 to where it has an area 86 of 
minimum cross-section adjacent the air entry 
position 84. 

The vertical vanes 76, as viewed in Figure 
5, are orientated obliquely with respect to 

50 radial lines emmating from the centre of the 
vortex chamber 78, ix. the centre of member 
70, so that they tie almost tangentially of the 
periphery of circular chamber 78 and almost 
in the direction of air flow around chamber 

55 80. Thus as compressed air circulates from 
the enlarged area 84 to the reduced area 86 
of the annular chamber 80 it will be seen that 
progressively less air is introduced into suc- 
cessive passages 79 defined by adjacent pairs 

60 of vanes, 76, 76. This ensures a substanti- 
ally equal velocity of air passing through fach 
passageway 79 into the vortex chamber 78. 
The air introduced substantially tangentially 
and at substantially equal pressure around 

65 member 70 causes the development of a whirl- 



pool of the material 12 within the vortex 
chamber 78. The whirlpool has a theoretic- 
ally infinite velocity at the central or core 
portion C of the chamber 78 and approaches 
zero pressure at this eye C of the whirlpool. 70 
The whirlpool has an increasingly greater 
pressure and decreasing velocity toward the 
periphery of the vortex chamber 78. The 
swirling of the particulate mutprfoi causes any 
adhesion of the packed particles or grains to 75 
be broken up and the separated particles drop 
through die whirlpool for discharge from the 
part 58 below the vortex chamber. 

As best seen in Figures 2 and 4, one end 
30b of branch pipe 30 extends through an 80 
opening in the wall of bottom part 58 of the 
hopper and is welded thereto as at 92. An 
end 94 of the discharge tube 38 also extends 
into part 58 through another opening in its 
wall 64, the end portions 30a and 94 being 85 
located eccentrically within the part 58 and 
in coaxial alignment. The interior of tube 
end 94 is formed with a Venturi restriction 
104 and the interior diameter of tube end 94 
progressively increases in both axial direc- 90 
tions from the restriction 104 so that the 
tube end tapers inwardly as at 94a. 

The end portion 30a of pipe 30 within the 
part 58 extends into but is not contiguous 
with the tube end 94 and the portion of pipe 95 
end 30a surrounded by tube portion 94 tapers 
to form a nozzle 96 the interior bore 106 of 
which is aligned with the restricted area 100 
of the bore in tube end 94. The external 
taper of nozzle 96 is similar to the internal 100 
taper of the bore of tube end 94 and since 
the pipe and tube are coaxial and non-con- 
tiguous and the surface 98 of the nozzle is 
generally parallel with the surface 94* of the 
tube bore a generally frusto-conical, flnnrtlar 105 
passage remains therebetween into which air 
and material 12 will be sucked from the in- 
terior of part 58 in the direction of the arrows 
of Figure 4, thereafter being blown through 
the restricted area 100 of the tube bore and 110 
along the discharge tube 38. The eccentric 
disposition of the nozzle and discharge tube 
end promotes circulation of the material in 
the bottom of the hopper below the vortex 
chamber 78. 115 

This association between the tapered nozzle 
96 and the tapered portion 94 of tube 38 
adjacent the Venturi restriction 104 therein 
causes the air under pressure introduced from 
the nozzle 96 into the tapered portion 94 of 120 
the bore of tube 38 through constriction 104 
to pass at a high velocity, sucking air and the 
material 12 in the hopper bottom 58 through 
the frusto-conical passage 98 into tube 38. 
This sucking of the material 12 into the in- 125 
teriar of the discharge tube 38 further breaks 
up any remaining clogging of the material 
which has passed through the vortex chamber. 

Figures 8 and 9 illustrate a modification of 
the annular member 70 of Figure 7 in the 130 



4 



1,094,080 



form of an annular member 116. The flo r 
112 and roof 114 of each passageway in the 
member 116 are parallel to one another but 
are oblique relative to the axis of the roan- 
s' ber, rather than lying in planes perpendicular 
thereto as do the remote surfaces of the mem- 
ber 116. One passageway 120 is directed 
inwardly upwardly of the member 116 while 
the adjacent passage 122 is directed inwardly 

10 downwardly and so on in alternate sequence 
around the periphery of the member 116. 
This causes compressed air to be directed 
through one passageway 120 upwardly of trie 
hopper and through the adjacent passageway 

15 122 downwardly of the hopper. This re- 
sults in a greater vertical area of the material 
12 being exposed to the compressed air pass- 
ing through the passageways. 
Figure 10 shows a further modification 

20 where two substantially identical annular 
members 116 A and 116B, each constructed 
similarly to the member 70 of Figure 7, are 
provided in superimposed, mutually inverted 
relation to surround the vortex chamber 78. 

25 The rings which form the top and bottom 
of each member 116A or 116B are tapered 
in opposite directions radially of the member 
and arranged so that although the nearer sur- 
faces 126 and 128 or 130 and 132 are parallel, 

30 (similarly to the remote surfaces of the rings 
which lie in parallel planes perpendicular to 
the axis of the member), they lie in planes 
oblique with respect to the axis of the mem- 
ber with the result that the passageways 

35 formed between the tapered rings and the 
vanes 120A or 120B are directed either in- 
wardly upwardly of the member, as in the 
case of all the passageways of member 116 A, 
or inwardly downwardly, as in the case of 

40 all the passageways of member 116B. 

Thus it will be seen that when compressed 
air is aHmtftrd into the top of the housing 
4 to exert an overhead downward force on 
the material 12 in each hopper 8 while con- 

45 currently air is forced through the annular 
member 70, 116 or 116 A, 116B and through 
the Venturi restriction of the eccentrically 
disposed discharge tube 38 of each hopper, 
the entire bulk of the material 12 in each 

50 hopper is subjected to a downward feeding 
air pressure and to air pressure breaking it 
up and discharging it. 

It will be appreciated that the invention 
is not restricted to hoppers for particulate 

55 material but is applicable to hoppers for 
I other fluids, such as liquids. The arrange- 
/ ment of the invention permits gravity or pres- 
/ surised discharge of liquids from a hopper 
i and by virtue of the geometry of the vortex 

6b chamber will permit a complete discharge of 
1 such liquids without having to remove the 
liquids from residual pockets found in con- 
ventionally constructed hoppers. Further, in 
the hopper of the invention there are no mov- 



ing parts or aerating pads to become satu- 65 
rated with liquid. 

WHAT WE CLAIM IS: — 

1. A hopper for material in particulate or 
fluid form and having a downwardly taper- 
ing bottom end portion, there being located 70 
in said bottom end portion material discharge 
means including one end of a discharge tube 
having a Venturi restriction and said discharge 
means being located in said hopper bottom 
end portion in a position to promote circu- 75 
latory movement of said material in said bot- 
tom end portion prior to discharge, there 
being further provided in said end ponton a 
vortex chamber above said discharge means, 
said vortex chamber being surrounded by an 80 
annular chamber communicable substantially 
tangentially thereof with a source of pressu- 
rised fluid so that said fluid will flow in a 
given direction around said annular chamber, 
said annular chamber being of diminishing 85 
cross-section in the direction of fluid flow 
and said annular chamber being in communi- 
cation with said vortex chamber via a plu- 
rality of passageways disposed obliquely to 

the radial of said vortex chamber and ex- 90 
tending generally in the direction of fluid flow 
around said annular chamber, the arrange- 
ment being such that pressurised fluid intro- 
duced into and flowing around said annular 
chamber will be directed through said pas- 95 
sageways into said vortex chamber in a man- 
ner to create a whirlpool of said material in 
said vortex chamber above said discharge 
means. 

2. A hopper as claimed in claim 1, wherein 100 
at least some of said passageways are inclined 
inwardly upwardly of the hopper from said 
annular chamber to said vortex chamber. 

3. A hopper as claimed in claim 1 or claim 

2, wherein at least some of said passageways 105 
are inclined inwardly downwardly of the hop- 
per from said annular chamber to said vor- 
tex chamber. 

4. A hopper as claimed in any preceding 
claim, wherein there is concentrically inter- 110 
posed between said annular and vortex cham- 
bers a substantially circular annular member 
having a plurality of passageways each open- 
ing at the radially inner and radially outer 
peripheries of said member at its respective 115 
ends and each extending obliquely to the radial . 
of said member. 

5. A hopper as claimeS in claim 4, where- 
in said member comprises a pair of similar, 
substantially flat rings maintained in parallel, 120 
spaced relation by the interposition therebe- 
tween of a plurality of vanes each disposed 
obliquely to the radial of said rings and pro- 
viding said passageways therebetween. 

6. A hopper as claimed in claim 5 as 125 
appendant to claim 2 or claim 3, wherein said 
rings are oppositely tapered the one from its 
radially outer to its radially inner edge and 
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the other from its radially inner to its radi- 
ally outer edge, the rings being arranged so 
that their opposed surfaces are substantially 
parallel and oblique with respect to the axis 
of the member and the remote surfaces of 
said rings lying in parallel planes perpen- 
dicular to the axis of the member. 

7. A hopper as claimed in claim 6 and 
comprising two similar said members arranged 
in superimposed, mutually inverted relation 
between said annular and vortex chambers so 
that one of said members provides inwardly 
upwardly inclined passageways and the other 
provides inwardly downwardly inclined pas- 
sageways. 

8. A hopper as claimed in any preceding 
claim, wherein said discharge means com- 
prises a nozzle communicable with a source 
of pressurised fluid located eccentrically in 
said bottom end portion in coaxial alignment 
with said discharge tube end portion, the 
latter being of diminishing internal cross-sec- 
tional area from the orifice thereof to form 
a Venturi therein. 

9. A hopper as claimed in claim 8, where- 



in said nozzle tapers toward the orifice there- 
of and extends into but is not contiguous 
with said discharge tube end portion whereby 
an annular, fiusto-conlcal gap is provided 
between said nozzle and the interior of the 
discharge tube for the inflow into "said dis- 
charge tube of said material. 

10. A hooper as claimed in any preceding 
claim, and comprising m^ris for communi- 
cating the top end portion of the hopper 
above said material with a source of pressu- 
rised fluid. 

11. A hopper substantially as hereinbefore 
described with reference to Figures 1 to 7 
of the accompanying diagrammatic drawings 
or as modified by Figures 8 and 9 or Figure 
10. 
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